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3a IMCEpPTALMOHEH TPy 3a IpUA0OuBaHe Ha 00pa3oBaTelIHa U HAy4YHA CTEIeEH ,,JOKTOp’
B oOusiacT Ha BuciIe oopa3zoBanue 4. [Ipupoanu Hayku, MaTemMaTuka U HHGOpMaTHKa
npodecroHanHo Hanpasienue 4.6 MapopmaTtuka 1 KOMIIOTBPHH HAYKH
cnienuanHoct - Mudopmaruka

ABTOp Ha nuceptanmoHuus Tpya: bopuc Atanaco HenuoBcku

Tema Ha aucepTauuoHHUA Tpya: ” MeToa u MeT010JI0THS 32 AaHAJIU3 HA T0JIeMU
OMOMeIMUMHCKHU JAHHH 32 NPeUU3HAa MeJUIUHA 0a3MPaHM HA U3KYCTBEH UHTEJIeKT

Penenzent: mpod. nu Iliamenka boposcka
1. Kpamku o6uozpagpuunu oannu u oannu 3a npoyeoypama.

bopuc HenuoBcku 3aBbpiiBa Bucuiero cu oopazoBanue B Hos brarapcku YHuBepcurer, crenex
Maructep mpe3 2021r., cnenuannoct Kubepcuryproct u Texuudeckun Yuuepcurer — Codus,
CTereH OakanaBbp, CeUaTHOCT KOMIIOTEPHHU CUCTEMH U TEXHOJIOTUU (Ha HEMCKHU €3HUK), pe3
2019r. Cpennoto cu obpazoBanue 3appuiBa B 73 COY “Bnagucnas I'pamatux™. Ot 2015r. no
2022r., paboTu KaTo KOHCYATaHT B pa3nuuHu |T ¢upmu, BriIrounTenHo u B oOJIacTra Ha
ouounpopmarukara. Ot 2020 r. 10 cera € XOHOpYBaH MPENo/IaBaTelN, BIOCIEACTBUE U ACUCTCHT
BbB OIIMU Ha TY-Codus, kato Boau 1abOpaTOPHHU YIPAKHEHUS U JEKIUH MO0 AUCHUILTHHATA
“ITpunoxuo IIporpamupane ¢ Java”. Penosen nokropant BbB @IIMU na TY-Codus B nepuoaa
2022-2025r. ¢ nayyen pbkoBoauten mpod. n-p umk. [ecucnaBa MBanoBa. Cnep ycneurHata
BBTpEIIIHA 3all1Ta Ha TUCepTallMOHHUA My Tpy. B Kareapa MudopmaTika Ha ®IIMU, TY-Codus
(mporokoun 13/28.02.2025.) e crapTipaHa mpoleaypa 3a 3alluTa che 3amoBeau Ha Pextopa Ha TY-
Codust xakto cnensa: 3arnoBen Ha Pekropa NeOXK-4.6-12/10.03.2025r., 3amoBen NeOXK-4.6-14/
18.03.2025r. u 3anoBex Ne OXK-4.6-17/26.03.2025r.

2. Akmyannocm Ha pazpadomeanus 6 OUCEPMAUUOHHUA MPYO HPOOIEM 6 HAYUHO U
HAyYHONPUNOXMHCcHO omhowenue. Cmenen u Huéa HA AKMYAIHOCMMA HA npodaema u
KOHKpemHume 3a0aqu, pa3padomenu ¢ oucepmayuama.

@oKyCchT Ha JUCEPTALMOHHUSA TPYyJ € B 00JacTTa Ha aHAINW3a W KIacH(UKAIUATA HA TOJIEMH
OuoMH(pOpPMAaTHYHU JaHHM B oOJacTTa Ha Npelu3HaTa MeIuIMHA. J[McepTalMOHHUAT TPyA €
IIOCBETEH Ha Ch3[JaBaHETO Ha KOHLENTYaJEH MOJE] Ha MHOTOCJIONHA apXUTEKTypa 3a aHaJu3 Ha
OMOMEIUIIMHCKY JaHHH, ChCTaBsIHE HA 0OCTOEH MEeIULUHCKH PO Ha MALIUEHTH U OTPEIeIIHe
Ha pHUCKOBM 3a0oisBaHUs. OCHOBHOTO MNPEAM3BUKATEICTBO € Ch3[JaBaHETO HAa YHHUBEPCAJEH,
I'bBKaB U YCTOWYUB MOJIEN, CIIOCOOEH J1a KoAMpa U Kiacuuupa rojisiM Habop OT HENPEKbCHATO
HapacTBallld MAaCHUBHU OT JaHHHU, 00OXBallalll pa3IUdYHUTE HallpaBlieHUsl B OMoOMH(pOpMaTHKaTa - OT
TFeHETUYHUTE TOCIEAOBATEIHOCTH W MEIULMHCKUTE H300pa’keHus, IO JaHHH, OIHUCBAIIU
HAaBMIIUTE U BIMSHUETO HA OKOJIHATA CpeJia BbPXY NAllUEHTA.



3. Cmenen na no3nasane CbCMOAHUEMO HA NPOOIEeMA U MEOPUECKA UHMEPNPEemauus Ha
JUmMePamypHus Mamepua.

JlucepTauoOHHUAT TpyZd obOxBama 122 cTpaHunm, chIbpXa aHOTAIUs, YBOJ, YETHPH TIJIaBH,
3aKJIFOYCHHUE, CIIUCBK C MMPUHOCH, CIIMCHK HAa ABTOPCKUTC Hy6HI/IKaHI/II/I, U CIIMCBHK C U3II0JI3BaHaTa
muteparypa cbe 100 3arnaBusi.

W3ueprnaTeqHUAT aHAIM3 Ha TOJSIMOTO KOJHYECTBO OT OMOMEAMIIMHCKU [aHHHU, aKTyaaHH
CTpaTeruu, AITOPUTMH U METOJIOJIOTHH 3a TAXHATAa 00pabOTKa, ¢ 11ej1 H300p Ha HAW-TIOAXOISIUTE
KaTto (YHIaMEHT 3a MPOBEXKJaHE HA HAyYHUTE U3CIIeABaHUs, n3aoxeH B [naBa 1 ,JlaHHu u
AJITOPUTMU TIPH MPELU3HATA MEJUIMHA ", B ACTICKTUTE KOIUpaHe, Kiacu(DUIIMPaHE U MOCTaBsIHE Ha
JMarHo3a Ha MalMeHTHTe, KAKTO W IIATENHOTO MPOYyYBAHE HAa AJTCPHATHBHH, Pa3BUBAIIH CE
AJITOPUTMH, B 00JIaCTTa Ha KBAHTOBHUTE M3YKCIICHUS, oncanu B [1aBa 2 “KBaHTOBH alrOPUTMH B
obyacTTa Ha MperU3HaTa MeUIMHa", KAKTO U JOOPUTE MPAKTHKH MPH Ch31aBAHETO HA MOYJIHU
MPUIOXKEHHS, HE3aBUCHMH OT €3WIM 3a MpOrpaMHUpaHe ¥ pabOTHH PaMKH, 3a€JHO C MOAPOOHHS
aHaJIM3 HA MOJECJIMTE 3a NpWJIaraHe Ha M3KYCTBEH HHTEJIEKT M TAXHATA BAIWAAIUS, MMOKa3BaT
3abI00YCHUTE MTO3HAHKS HA JMCEpTaHTa B M3cieaBaHaTa obnact. IIpeacTtaBeH € HOB METOM 3a
KOJMpaHe Ha TeHETHYHH IOCJICI0BATEIIHOCTH, 3a€HO C AITOPUTMHUTE 32 M3KYCTBEH HMHTCIICKT,
KaKkTO U € Ch3/aJcHa COPTyepHA MMIUICMEHTALMS HAa KOHLENTYalHHUs MO, 4pe3 KOWTO ca
NpeaACTAaBCHU CPABHUTCIIHU HU3CJICABAHWA HAa TOYHOCTTA, CHCIII/I(bI/I‘-IHOCTTa " MpEeHM3HOCTTa Ha
NpeajoKeHaTa apXuTCKTypa, KakKTO U Ha e(beKTI/IBHOCTTa Ha IpCIJIOKCHUA METO 3a KOJUPAHE HA
TEHETUYHHU TIOCIIEIOBATEIHOCTH. B pe3yarar e o0ocHOBaHa HEOOXOAMMOCTTA OT BHEAPSBAHE HA
moo0Ha apXUTEKTypa B 00JIACTTa HA MpEIM3HATAa MEAMIIMHA, KOSITO HamajsiBa HATOBAPBAHETO
BBPXY 3/pPaBHUTE MHCTUTYLUH M MOAOOPSBA JOCTBITHOCTTA, U €(EKTUBHOCTTA OT MOAOOCH THI
U3CIICIBAHMS.

4. Cvomeemcmeue na uzdopanama MemooOuKa Ha U3C1e06ane ¢ NOCMmagenama yei u 3a0a4u Ha
oucepmayuoHHus mpyo.

OcHoOBHaTa 11eJ1 Ha TUCePTAllMOHHMS TPYJ € KOPEeKTHO (hopMyupaHa, a MIMEHHO U3CJIEBAHETO U
pa3pelaBaHeToO Ha NMPEIMU3BUKATENICTBATAa B IPELM3HATA MEIUIMHA, CBBP3aHU C JUArHOCTHKA,
JIeueHHe U MOHMTOPHUHI, U ChOOpa3eHH ChC CHeUU(UYHUS 3]IpaBeH U I'€HETHYeH Npoduil Ha
MalMEHTa, 3a€AHO C HErOBUTE€ HAaBULM M BBHIIHU BIWSHUA. 3a TOCTUIaHE Ha LENTa Ha
JMCEPTAIMOHHUS TPYl, TPABUIIHO ca (hopMynupaHu 3agaunte, ooxpamianm (1) uscneaBaHeTo u
aHAIM3BT HA MTPEM3BUKATEIICTBATA HA IEPCOHATU3UpaHATa JUArHOCTHKA U JiedeHue, (2) moadopsT
U JeUHUPAHETO Ha AITOPUTMHU 32 e(PUKACHO KOJHMpaHe Ha xapakTepucTHkH, (3) moadopsT u
ONTHMHU3AIMATA Ha TOAXOMSAIIM 33 pas3riIeKIaHuTe AaHHu anroputMu, (4) paspaboTkara Ha
KOHIIENITyaJIcH MOJEN 3a yJeCHeHHe Ha oOpaboTkara Ha OwouH(popMmatuyHuTe naHHH, (D)
UMILICMEHTAIUSTa Ha KOHIICTITYaJIHHsI MOjies B paboreia codryepHa cucrema u (6) BanuganusaTa
U OIICHSBAHETO Ha KOHUENTYaJIHHs MOJEN, W MPEeAJIOKEHUTE alrOpUTMHU 4pe3 pazpaboTeHaTa
codTyepHa cucrema.

H36paHaTa MCETOJHKA Ha U3CJICABAHC HAIIBJIIHO KOPCCIIOHAUpPA C MOCTaBCHATA LS U 3aJa4d Ha
AUCCPTAIUOHHUA Tpyad U 06XBaH_Ia IIHUPOK CHCKTBP OT CTpATETUU U TCXHOJIOI'MH, KaTo
H3I0J3BAHCTO HAa MHUKPOCHPBHCHA APXUTCKTYpPa 3a Mama6HpaHe, CIIpsIMO obema Ha JAaHHUTC,



HUMIIUNIEMCHTHUPAHECTO HAa HEBPOHHU MPECKHU U JAPYIrH aJlTOPUTMHU 3a U3KYCTBCH MHTCJICKT, KAKTO U
npeajaraneTo Ha XI/I6pI/II[HO KBAaHTOBO-KJIACUYCCKH MOJCIIN 3a U3KYCTBCH MHTCJICKT.

5. Kpamka ananumuuna xapakmepucmuka Ha eCmecmeomo u OUeHKa Ha 00CMO8EPHOCIMA
Ha Mamepuana, bPXy KoOUmo ce 2padsim nPUHOCUmMe Ha OUCEPMAYUOHHUS mPYO.

JlucepTannoHHUAT TPy € CTPYKTYpPHpaH B JIOTMYECKa MOCIEAOBATEIHOCT B [IOCOKA aHAIU3 Ha
pa3IMYHUTE BUIOBE JaHHU M NPEIU3BUKATEICTBA, CBBP3aHH C TSAXHOTO ChOMpaHE, KOAWPAHE U
KJIacu(pUKanus, METONOJOTMH W TEXHOJOTMH, TEXHHWTE MPEAMMCTBA M HEJOCTAaThLU, U IIO-
HATaTHUIHOTO UM PAa3BUTHE M HAATPaKAaHE 33 IOCTUTAaHE HAa MPUHOCHTE HA TUCEPTALMOHHUS
TpyZ. B mbpBa ri1aBa e HanpaseH 3ab1004YEH aHAIU3 Ha TEKYIOTO ChCTOSIHUE Ha M3CIeBaHaTa
obmacT u ca nepUHUPAaHN OTPAaHMUYCHUATA U JIOIyCKAHHUATA B JAUCEPTALMOHHUS TPYH, 2 UMEHHO
TOJSIMOTO pa3HoOOpaszue oT OmomH(OpPMATHUHU JaHHH, HYXJaTa OT (POKYC BBPXY KOHKPETHH
JIAHHU, KaKTO U BUAOBETE aJITOPUTMH, U IPEAU3BUKATEIICTBA MIPH TAXHATa 00paboTka. BbB BTOpa
rJlaBa ca pasriieJJaHd KBaHTOBUTE M KBAHTOBO-KIIACHYECKUTE XUOPHUIHU aJTOPUTMH, IPEICTaBEHU
KaTO €HEpruiHO M pecypcHO epukacHa ObJella aJTepHaTUBA HAa KIACHYECKHUTE alTOPUTMH 32
M3KYCTBEH HHTENEKT. B Tpera rmaBa (okychT € BBPXY MNPOCKTHPAHETO Ha TPHUCIOWHA
MHUKPOCHPBUCHA apXUTEKTypa 3a aHaJuW3 Ha OMOMEIMIIMHCKM JaHHH, KaKTO M IOAOOPBT Ha
ITOPUTMHU 32 U3KYCTBEH MHTEJIEKT U IpeABapuTeaHa 00padoTka Ha JaHHUTE. B 4eTBbpTa ri1aBa e
pa3paboteHa codTyepHa cucTeMa, UMITIEMEHTHPAIIA U BAINANPALIA TPETIOKESHUTE APXUTEKTYpa,
QITOPUTMHU M METOJUKH OT TPETa IJiaBa.

6. Hayunu u Hay4HOnpunoxicHu RpuHOCU HA OUCEPMAUUOHHUSA MPYO.

OueHsiBaM KaTo HayuHo-npunoxcuu npunocu npeioxkenure. (1) KoHmentyaiseH Monen Ha
MHOTOCJIOIfHA MUKpPOCHPBUCHA apXWUTEKTypa 3a aHaIU3 M Kiacupukauus Ha OMOMEIUIIMHCKHU
naHHy, (2) METOo]] 3a KOJJMpaHe Ha TeHHU MOCIIEIOBATEITHOCTH, (JOKYCHPaH BbpXY HaMallsiBaHE Ha
TSAXHATA Pa3MEPHOCT U 3ala3BaHe Ha OPUTHHAIIHATA UM CTPYKTYpa, (3) XMOpHUIHO-KBAHTOB MO
3a KIacH(pUKAIUs Ha MEUIIUHCKA H300pakeHu s, (4) OCHOBHM OMOMEIMIIMHCKH JaHHH, HY)KHH 32
U3rpaxkaaHe Ha 00CToeH MemuiMHCKH npodu U (5) MoIeny 3a M3KYCTBEH UHTENICKT U KOJMPaHe
Ha OMOMEIMIIMHCKY JIaHHH, 3a€JHO C TAXHATa HaCTPOMKa U ONTUMU3ALIMS

Usrpagenara codryepHata cucrema ¢ rpaduyeH uHTepdeiic, u3mon3Bama e3uka Python,
npeJularaiia J0CThI 10 UHTEPHALMOHATIHN OMOJIOrMYHM 0a3u JaHHU, aHAJIU3 Ha JaHHUTE OT THX,
o0yyaBaHETO Ha HOBU MOJIEJIM U3KYCTBEH HHTEJEKT, IOCTABSIHETO HA IMAarH03a BbPXY MallUEHTCKH
JAHHU ¥ BPB3Ka C MEAULIMHCKHU LIEHTPOBE U CIELUAIUCTH OLEHSIBAM KaTO HPUILOHCHU NPUHOCU.

[IpuHocuTe Ha JUCEpPTAlMOHHUSA TPyA ONpENeNsM Karo JOKa3BaHe C HOBHM CpeJICTBa Ha
CHILIECTBEHU HOBU CTPAHU B ChIIECTBYBAIIHM HAyUYHU IPOOJIEMU U TEOPUH, METO/IU Ha U3CIIEJIBAHE,
Y [I0JTyyaBaHe M JIOKa3BaHEe Ha HOBU (PaKkTH. XapaKTepbT HAa IPUHOCHUTE 33 BHEAPSABAHE ONPEAEISIM
KaTO WHOBATUBHU MOAXOIU U TEXHOJIOTHH.

7. 0uem<a 3a cmeneénma Ha qudHomo yvacmue Ha ()ucepmauma 6 npunocume.

[IpencraBeHUAT AUCEpPTALIMOHEH TPYJ, Hay4YHUTE MyOJUKALlMU CBBP3aHU C HETO W ISUIOCTHATa
Hay4HO-U3CIIeJI0BATENICKA U MpernojaBaTesicka IeHHOCT Ha IucepTanTa yOeauTenHO MoKa3BaT, e
MOJYYEHUTE PE3YJTATH Ca U3KIKOUUTETHO Aeso Ha bopuc AtanacoB HeHUOBCKH.
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8. Ilpeuenka na nyboaukayuume no OucepmayuUoOHHUA mpyo: 0poil, xapakmep Ha U30aHuAmMA,
6 Koumo ca omne4amauu.

[TpencraBenu ca qaHHU 3a 3 MyONMKAIMK, CBbP3aHH C U3CIICABAHUSITA B TUCCPTALUOHHHS TPY,
elHaTa, CBbp3aHa ¢ UMILICMEHTAIUATA Ha COPTyepHaTa cucTeMa, € myoymKyBaHa B IHCcTHTyTa Ha
WH)KEHEPHTE 110 eNeKTpoTexHuka u enekrponuka (IEEE)(Scopus), 2 or Tsax ca mpencraBeHu Ha
koHpepennuaTa “TlpunokeHre Ha MaTeMaTUKaTa B HHAyCcTpusaTa 1 ukonomukata” (AMEE), karo
ennata oT Tax ¢ myoaukyBana B AIP Conference Proceedings (Scopus), a tperaTta e mpueta 3a
nedat. CienoBaTeHO, ca W3IIBJIHEHH MUHHMAaJTHUTE W3UCKBAHUS 32 HAy4HATa CTEIEH ,,JIOKTOP
Ha 3aKOHa 3a Pa3BUTHETO HA aKaJeMH4YHHsS chcTaB B PemyOnmka Bearapus u [IpaBmiHuka 3a
YCIIOBHATA U peja 3a npuaoOuBaHe HA HAay4yHH cTereHu B TexHuuecku yHuepcuter — Codus B
obmact Ha Bucmie oOpasoBanue 4. IlpupomHu Hayku, MareMaTHKa HW WH(POpPMATHKA,
npodecroHaHo HanpasieHue 4.6 MHpopmMaTuka 1 KOMIIOTBPHH HAYKH.

9. Muenus, npenopvku u oenexcku.

HI/IcepTaHI/IOHHI/IHT Tpyd € HU3TOTBCH IIPCHU3HO B CTpOﬁHa JJOrn4e€CKa I10CICA0BATCIHOCT.
W3cneaBanust HpO6J’I€M € COLlMaJIHO 3HAYUM, IMOCTUIHATU Ca 3HAYUMU HINPHUHOCH IIPU HAYUIHUTC
HU3CJICABaHMNA.

10. 3aknarouenue c acna nonoxcumenna unu ompuuyamesina OueéHKa Ha 0ucepmauu0nuuﬂ mpyd.

B 3akmouenue, cunutaM 4e JUCEPTALMOHHUAT TPY1 Ha TeMa ~ MeTo] 1 MeTo0JI0Tus 32 aHAJIU3 Ha
rojeMd OMOMEIMIIMHCKY JTAaHHH 3a MpElH3Ha METUIMHA 0a3upaHd Ha M3KYCTBEH MHTEIEKT C
aBTOp bopuc AtanacoB HeHUYOBCKM € M3rOTBEH MPEIU3HO U HA BUCOKO NMPOQPECHOHATHO HUBO,
MOJIyYEHUTE MPUHOCH OT HAYYHO-TIPWJIOKEH U MPHIJIOKEH XapaKTep ca 3HAYMMH, HaIlbJIHO ca
YAOBJIETBOPEHU M3UCKBAHMATA Ha 3aKOHA 3a Pa3BUTUETO Ha aKaJeMHUYHUS CbCTaB B PemyOnuka
bearapus, kakto u Ha [IpaBunHuKa 3a ycllOBUSATA U pea 3a NPUA0O0MBaHE HA HAyYHU CTENEHU B
Texunuecku ynusepcurer — Codus. [Ipennaram y6eneHo Ha HAyYHOTO KypH Ja NMPUCHIU Ha
Bbopuc AranacoB HeHuoBcku oOpa3zoBaTesiHaTa U Hay4yHa CTEIEH ,,JOKTOP” B 00JIaCT Ha BHUCIIE
obpazoBanue 4. [lpupoanu Hayku, MaTeMaTuka U WH(GOpMATHKA, MPO(PECHOHATHO HAIIPABICHHUE
4.6 NndopmaTrka 1 KOMIIOTEPHU HayKH, crienuanHocT — MHpopmaTtuka.

Hara: 29.05.2025., Codus
PELIEH3EHT:

(mpo¢. nu Ilnamenka boposcka)
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1. Brief biographical data and data about the procedure.

Boris Nenchovski graduated from the New Bulgarian University, Master's degree in 2021,
majoring in Cybersecurity, and the Technical University - Sofia, Bachelor's degree, majoring in
Computer Systems and Technologies (in German), in 2019. He completed his secondary education
at 73 Secondary School "Vladislav Gramatik". From 2015 to 2022, he worked as a consultant in
various IT companies, including in the field of bioinformatics. From 2020 to the present, he has
been a part-time lecturer, and subsequently an assistant professor at the Faculty of Applied
Mathematics and Informatics of the Technical University of Sofia, supervising laboratory exercises
and conducting lectures in the discipline "Applied Programming with Java". Full-time doctoral
student at the Faculty of Information and Communication Technology of the Technical University
of Sofia in the period 2022-2025 with scientific supervisor Prof. PhD Desislava Ivanova. After the
successful internal defense of his dissertation at the Department of Informatics of the Faculty of
Applied Mathematics and Informatics, TU-Sofia (protocol 13/28.02.2025.), a defense procedure
was launched with orders of the Rector of TU-Sofia as follows: Rector's order No. OX-4.6-
12/10.03.2025, order No. OX-4.6-14/ 18.03.2025 and order No. O)K-4.6-17/ 26.03.2025.

2. Relevance of the problem developed in the dissertation in scientific and applied science terms.
Degree and levels of relevance of the problem and specific tasks developed in the dissertation.

The focus of the dissertation thesis is in the field of analysis and classification of Big bioinformatics
data in the field of precision medicine. The dissertation is dedicated to the creation of a conceptual
model of a multi-layered architecture for the analysis of biomedical data, the compilation of a
comprehensive medical profile of patients and the identification of risk diseases. The main
challenge is the creation of a universal, flexible and sustainable model capable of encoding and
classifying a large set of constantly growing data sets, covering various areas in bioinformatics -
from genetic sequences and medical images, to data describing habits and the influence of the
environment on the patient.



3. Degree of knowledge of the state of the problem and creative interpretation of the literary
material.

The dissertation thesis covers 122 pages, contains an annotation, an introduction, four chapters, a
conclusion, a list of contributions, a list of the author's publications, and a list of used literature
with 100 titles.

The exhaustive analysis of the large amount of biomedical data, current strategies, algorithms and
methodologies for their processing, in order to select the most suitable ones as a foundation for
conducting scientific research, presented in Chapter 1 "Data and Algorithms in Precision
Medicine", in the aspects of coding, classification and diagnosis of patients, as well as the thorough
study of alternative, developing algorithms in the field of quantum computing, described in Chapter
2 "Quantum Algorithms in the Field of Precision Medicine", as well as good practices in creating
modular applications, independent of programming languages and frameworks, together with the
detailed analysis of models for applying artificial intelligence and their validation, demonstrate the
profound knowledge of the PhD candidate in the research area. A new method for encoding genetic
sequences is presented, together with artificial intelligence algorithms, and a software
implementation of the conceptual model is created, through which comparative studies of the
accuracy, specificity and precision of the proposed architecture, as well as the efficiency of the
proposed method for encoding genetic sequences, are presented. As a result, the need for
implementing such an architecture in the field of precision medicine is justified, which reduces the
burden on healthcare institutions and improves the accessibility and efficiency of such research.

4. Compliance of the selected research methodology with the set goal and tasks of the
dissertation.

The main goal of the dissertation thesis is correctly formulated, namely the study and resolution of
challenges in precision medicine related to diagnostics, treatment and monitoring, and tailored to
the specific health and genetic profile of the patient, along with his habits and external influences.
To achieve the goal of the dissertation, the tasks are correctly formulated, covering (1) the study
and analysis of the challenges of personalized diagnostics and treatment, (2) the selection and
definition of algorithms for efficient feature coding, (3) the selection and optimization of
algorithms suitable for the data under consideration, (4) the development of a conceptual model to
facilitate the processing of bioinformatics data, (5) the implementation of the conceptual model in
a working software system and (6) the validation and evaluation of the conceptual model and the
proposed algorithms through the developed software system.

The chosen research methodology fully corresponds to the set goal and objectives of the
dissertation work and covers a wide range of strategies and technologies, such as the use of
architecture based on microservices for scaling to the volume of data, the implementation of neural
networks and other artificial intelligence algorithms, as well as the design of hybrid quantum-
classical models for artificial intelligence.



5. A brief analytical description of the nature and assessment of the reliability of the material on
which the contributions of the dissertation thesis are built.

The dissertation thesis is structured in a logical sequence towards an analysis of the different types
of data and challenges related to their collection, coding and classification, methodologies and
technologies, their advantages and disadvantages, and their further development and upgrading to
achieve the contributions of the dissertation. The first chapter provides an in-depth analysis of the
current state of the research area and defines the limitations and assumptions of the dissertation,
namely the wide variety of bioinformatics data, the need to focus on specific data, as well as the
types of algorithms and challenges in their processing. The second chapter examines quantum and
quantum-classical hybrid algorithms, presented as an energy and resource-efficient future
alternative to classical algorithms for artificial intelligence. In the third chapter, the focus is on the
design of a three-tier microservice architecture for biomedical data analysis, as well as the selection
of artificial intelligence algorithms and data preprocessing. In the fourth chapter, a software system
is developed that implements and validates the proposed architecture, algorithms, and
methodologies from the third chapter.

6. Scientific and applied scientific contributions of the dissertation:

| evaluate as scientific and applied contributions the following: (1) a conceptual model of a
multilayer microservices-based architecture for analysis and classification of biomedical data, (2)
a method for encoding gene sequences, focused on reducing their dimensionality and preserving
their original structure, (3) a hybrid-quantum model for classifying medical images, (4) basic
biomedical data needed to build a comprehensive medical profile and (5) models for artificial
intelligence and encoding of biomedical data, along with their setup and optimization.

| evaluate the built software system with a graphical interface, using the Python language, offering
access to international biological databases, analysis of data from them, training new artificial
intelligence models, making a diagnosis on patient data and connecting with medical centers and
specialists as applied contributions.

| define the contributions of the dissertation work as proving by new means significant new aspects
of existing scientific problems and theories, research methods, and obtaining and proving new
facts. | define the nature of the contributions for implementation as innovative approaches and
technologies.

7. Assessment of the degree of personal participation of the dissertation candidate in the
contributions.

The presented dissertation thesis, the scientific publications related to it and the overall scientific
research and teaching activity of the dissertation candidate convincingly show that the results
obtained are exclusively the work of Boris Atanasov Nenchovski.



8. Assessment of the publications on the dissertation thesis: number, nature of the editions in
which they were printed.

Data are presented for 3 publications related to the research in the dissertation thesis, one related
to the implementation of the software system was published in the Institute of Electrical and
Electronics Engineers (IEEE) (Scopus), 2 of them were presented at the conference “Application
of Mathematics in Industry and Economics” (AMEE), one of them was published in AIP
Conference Proceedings (Scopus), and the third was accepted for publication. Therefore, the
minimum requirements for the scientific degree "PhD™ of the Act on the Development of the
Academic Staff in the Republic of Bulgaria and the Regulations on the Conditions and Procedure
for Acquiring Scientific Degrees at the Technical University - Sofia in the field of higher education
4. Natural Sciences, Mathematics and Informatics, professional field 4.6 Informatics and Computer
Science have been met.

9. Opinions, recommendations and notes.

The dissertation thesis is prepared precisely in a coherent logical sequence. The researched problem
is socially significant, significant contributions to scientific research have been achieved.

10. Conclusion with a clear positive or negative assessment of the dissertation.

In conclusion, I believe that the dissertation on the topic "Method and methodology for analysis of
Big biomedical data for precision medicine based on artificial intelligence™ with author Boris
Atanasov Nenchovski has been prepared precisely and at a high professional level, the received
contributions of a scientific-applied and applied nature are significant, the requirements of the Act
on the Development of the Academic Staff in the Republic of Bulgaria, as well as the Regulations
on the terms and procedure for acquiring scientific degrees at the Technical University - Sofia,
have been fully met. | strongly suggest that the scientific jury award Boris Atanasov Nenchovski
the educational and scientific degree of "Doctor" in the field of higher education 4. Natural
Sciences, Mathematics and Informatics, professional field 4.6 Informatics and Computer Sciences,
specialty - Informatics.
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